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1. INTRODUCTION
1.1 Genetransfer

Scientific progress over the past decade has led to the development of novel methods for the transfer
of genetic materia into somatic cdls. For the purpose of this Note for Guidance, gene transfer
involves the deliberate introduction of genetic materia into somatic cells for therapeutic, prophylactic
or diagnostic purposes.

1.2 Genetransfer medicinal products

Gene transfer medicinal products are presented for tregting or preventing disease in human subjects,
or are adminigtered to human subjects with a view to making a medical diagnosis or to restoring,
correcting or modifying physologica functionsin these subjects.

There are currently two principal types of gene transfer vector that are commonly used:

i) bacteria plasmid DNA

i) avirus

both of which are geneticaly engineered usudly to express a specific protein. Plasmid DNA may be
administered ether in a ample sdt solution (referred to as “naked” DNA) or complexed with a

carrier or an adjuvant. Vird vectors are generdly replication deficient athough replication competent
vird vectors are dso being used.

By using these vectorsin-vivo genetic modification of somatic cells can be achieved.

Somatic cells may dso be modified ex-vivo (e.g. dlogeneic or autologous sometic cels) or in-vitro
(e.g. bankable cdls) prior to adminigtration to the human subject.

Other areas under laboratory development include the use of other types of vectors, such as
bacteria, and approaches desgned to modify or inhibit the functioning of an endogenous gene or
genetic dementsin mammadian cdls.

In this context, gene transfer products congtitute a wide range of medicina products of biological
origin which are outlined in Table 1.

TABLE 1

TYPES OF GENE
TRANSFER EXAMPLES
MEDICINAL
PRODUCTS

(@ nakednudecacid | naturd or synthesised nucleic acid, generdly ligated into gppropriate
plasmids or cassttes (see section 1.3; excluding antisense
oligonucleotides) with or without adjuvant.

(b) complexed nudec | (i) asabove, but complexed with polycations (e.g. oligodendomer),

acid or non vird proteins (eg. transferrin) or other polymers (eg. DEAE-
vectors Dextran, polylysine)
(i) as above (i) but encepsulated or associated (for example in
liposomes

(i) asabove, but coated on colloida particles

CPMP/BWP/3088/99 2/31
a EMEA 2001



(c) vird vectors Usudly  replication-deficient  viruses, incdluding  adenoviruses,
retroviruses, adeno-associated virus, herpes smplex virus; in some
cases replication-competent viruses e.g. vacciniavirus.
(d) geneticdly modified | Allogeneic, xenogeneic, or cdls of microbiologica origin carrying a
cdls newly introduced nucleic acid segment.
1.3 Scope

Gene transfer medicina products fal within the scope of Part A of Council Regulation EC 2309/93
and must be authorised through the Centralised Procedure’. The objective of this Note for Guidance
is to provide recommendations with respect to the qudity, preclinical and clinical aspects of gene
transfer medicinal products and assstance in generating data supporting marketing authorisation
gpplications within the European Community.

Thisnote covers:

the addition and expression of a geng(s) for thergpeutic purposes (e.g. gene transfer products
and cancer vaccines);

the inoculation of nucleic acids for the purpose of vaccinaion againg foreign antigens (eg.
DNA vaccination)

the trandfer of nucleic acids with the am of modifying the function or expresson of an
endogenous gene.

This document is not intended to apply to chemicaly synthessed oligonucleotides eg. anti-sense
oligonucleotides or RNA/DNA chimera, where quality control during manufacture will be different.
However, the principles as outlined in this document could be consdered, where rdevant, in the
research and development of such products.

Asfor any new technology, a flexible approach to the control of these products is being adopted so
that recommendations can be modified in the light of experience of production and use, and of further
developments. Whilst the recommendations set out below should be considered to be generdly
gpplicable, individua products may present particular quality control and safety concerns, eg. asin
the case of DNA vaccines intended for prophylactic use in alarge number of hedthy individuas. The
production and control of each product will be considered on a case-by-case or product-specific
basis reflecting the intended clinical use of the product.

Primary xenogeneic cells derived from donor animas cannot be used until more information on the
safety of this gpproach has been obtained. Specific guidance on this subject will be issued by the
CPMP at afuture date.

Congderaions of the qudity, preclinical and clinica issues pertaining to gene trandfer products are
covered in separate sections of this Note for Guidance and cross-reference is made between
sections where appropriate.

For gene transfer medicind products, it is important to note that some of the preclinical and dlinica
issues would require a clear understanding of the product characteristics in order to design
gppropriate preclinica and dlinicad studies testing relating to the toxicology and the pharmacology of
the product. Therefore, it is inevitable that there will be overlaps between sections (e.g. qudity and
preclinica parts) of this Note for Guidance. There may be repetition within sections but this is to

! Commission Communication (C98/C 229/03) on the Community marketing authorisation procedures for

medicinal products OJ 22 July 1998.
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ensure that correct data are included in the qudity (Part I1), preclinica (Part 111) and clinica (Part
IV) parts, as crossreferencing is required between these three parts of the submissions.

This Note for Guidance should be read in conjunction with relevant European legidation and other
guidance notes adopted by the CPMP, including International Conference on Harmonisation (ICH)
technica guiddines. When dedling with ex vivo geneticaly modified cdls this Note for Guidance
should be read in conjunction with the CPMP Points-to-Consider on Human Somatic Cell Therapy

Since gene transfer products contain genetic and other materias of biologica origin, many of the
quaity congderations for recombinant DNA (rDNA) products and other biologicas manufactured
by modern biotechnologica methods will apply to the manufacture of gene transfer products.
Requirements relating to establishments in which biologica products are manufactured should aso be
taken into consderation, e.g. Directive 91/356/EEC on Good Manufacturing Practice (GMP).

Applicants should aso consder the environmenta impact on the use of gene transfer products.
Reference is therefore made to Council Directives 90/220/EEC or any subsequent amendment and
90/219/EEC (as amended by Council Directive 98/81/EC) respectively on the ddliberate release and
the contained use of geneticdly modified (micro)-organisms as well as any European guideline on
environmentd risk assessment for human medicind products containing or conssting of geneticaly
modified organisms(section 4).

2.  GENERAL CONSIDERATIONS
2.1 Development genetics

The design of the gene transfer product forms an integra part of the rationale for the development of
a gene transfer medicina product. Information relating to the suitability of the vector system and of
the ddivery system should be provided. Data on the control and stability of gene expression should
be provided. Each dement of the expresson congtruct (including relevant junction regions) should
therefore be documented and described. This should include details of their origin, identification and
isolation as well as of ther nucleotide sequences and functions, including regulaive and coding
capacity. The sequence should be identified and verified by an gppropriate method. Inclusion in the
expresson condruct of any intended modification(s), eg. Ste-specific mutations, deletions,
rearrangements, to any component as compared with their naturd counterparts should aso be
detailed. Judtification should be provided with regard to the scientific raionde, in terms of the
functions of the different dements and their incluson in the expression congtruct. For an expression
congtruct which incorporates transcriptional elements to control the expression of the transgene, eg.
in atempord or tissue-specific manner, summary evidence should be provided to demondtrate such
specificity from a product characterisation and control viewpoint. Cross-reference should be made
to the detalled reports included in the relevant parts of clinica and preclinica dossers.

Sdection markers, used during screening and development and remaining in the final product, should
be carefully evauated in the light of ther potentid to impact adversdy on standard therapies for
certain human diseases, for example, antibiotic resstance genes. Consideration should be given to
avoiding their use, where feasible. Therefore, the back-bone construct, which can be used to
incorporate different expresson cassettes, should be kept under congtant review, reflecting the
current scientific view on the gppropriateness of a specific marker gene.

Detalls of how the expresson congtruct is incorporated into the vector should be given. This should
indlude information on sequences which are required for the construct to replicate in prokaryotic or
eukaryotic cdls. Cdls usad in amplification of the genetic materia should be fully characterised; this
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includes the higtory of the cell line, its identification, characteristics and potentid vira contaminants.
Specid attention should be given to the possibility of cross-contamination with other cdlls or viruses.

The degree of fiddity of the replication systems should be verified in order to ensure integrity and
homogeneity of the amplified nucleic acids. Evidence should be obtained that the correct nucleotide
sequence has been made and that this has been stably maintained during the amplification steps
before trandfer and that the therapeutic gene remains unmodified following transfer. For example, a
gene containing errors in base sequences may specify an anormd protein, which may have
undesirable biological and/orimmunologica activities. Transfer procedures are intended to introduce
copies of the genetic materid involved into large numbers of target cdls. Therefore, it is essentid to
purify and characterise the genetic materid involved as thoroughly as possible before use. In this
respect, it may be useful to refer to the scientific principles laid down in the ICH Q5B Note for
Guidance on Quadlity of Biotechnologicd Products andysis of the expresson congruct in cdl lines
used for production of r-DNA derived protein products.

For vird vectors, full documentation of the origin, history, and biologicd characterigtics of the
parenta virus, should be provided. A full description and characterisation of the part(s) of the vird
genome into which the expression congtruct is inserted, modifications of any other part of the vird
genome and any other nucleic acid sequences (e.g. promoters) to be included in the recombinant
vird genome should be provided. Plasmid, vird vector and/or cell banks should be established,
characterised and subjected to periodica quality control. Any component of a vector other than
nucleic acids which has been added or modified for the purposes of gene trandfer should be
thoroughly described, including origin, identification, physco-chemicd as wdl as functiond
characterisation, and expected function in the find product.

2.2 Production

Gene transfer medicina products should be produced from wel characterised virus seeds or cdll
banks in respect of their identity, microbia purity and virologica control. The qudity of al reagents
used in production should be gppropriatdy controlled and documented including compliance with
any relevant EC regulatory recommendations (eg. CPMP Guidance Notes) or European
Pharmacopoeia monographs. All raw materids used in production and purification have to be
described, including quality controls. Reference is made to the CPMP Note for Guidance on the Risk
of Tranamitting Agents Causng Spongiform Encephdopathy via Medicind Products and to the
European Pharmacopoeia genera monograph on TSE "Products with risk of tranamitting agents of
animd spongiform encephaopathies’.

It is undedrable to use in production, agents which are known to provoke sengtivity in certain
individuds, for example, b-lactam antibiotics, or any toxic reagents, e.g. ethidium bromide.

In-process controls are essentid as a basis on which comprehensive characterisation of the fina
product can be placed, a concept which has been highly effective in the qudity control of bacteria
and vird vaccines prepared by conventional methods and, more recently, of rDNA-derived
products.

In order to provide an overview of the process, in addition to a detailed description, a flow chart
should be provided outlining the process and qudity controls at critical steps. Notwithstanding the
foregoing, the qudity controls and critica processing steps should be fully described and vaidated.

In some ingances, nucleic acid congructs may be complexed with polycations, proteins (e.g.
transferrin) or polymers (e.g. polylysine), or linked to carriers (e.g. liposomes or peptides), to
increase the specificity or efficiency of transfer of genetic materid (Table 1). Such components of the
fina product may be manufactured individualy and then recondituted immediately prior to use. In
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any event, in addition to afull description of the origin and production process, adl components of the
find transfer product should be thoroughly characterised and subjected to qudity control and lot
release (see section 3.2).

In the case of vird vectors, the congruction of the origind vira vector should be carried out in a
quaified packaging cell-line under gppropriately controlled conditions to avoid contamination with
adventitious agents. Therefore, full details of the congtruction of the packaging cdl line should be
given, including the nature and, where possible, the location of the helper vird nucleic acid and its
encoded proteingfunctions. The origin, identity and biological characteristics of the cdl line together
with details of the presence or absence of endogenous vird particles and sequences should be
described. Master and working cell banks should be established, thoroughly characterised and
subjected to periodica quality control. Evidence of freedom from contamination with adventitious
agentsis essentid (see aso section 3.3).

Unintended variability in culture during production may lead to changes that may cause dteration to
the product, reduce the yield of product and/or result in quantitative and qualitetive differencesin the
impurities present. Procedures to ensure consistency of production conditions as well as of the fina
product are imperative.

Scale-up of culture and/or purification occurs as laboratory development progresses to full-scae
commercid production. This may have consequences for the qudity of the product including effects
on its biochemica and biologica properties, and thus implications for control testing. Appropriate
comparability studies should be conducted to demonstrate that such properties are not sgnificantly
dtered during scde-up. The criteria for determining comparability of gene trandfer medicind
products after manufacturing changes should be fully justified.

The harvested product has to be clearly defined. Each control test has to be fully described and
vaidated. A clear definition of a“batch” or “lot” of final processed product should be provided. A
complete description and characterisation of al materias used for the production should be provided
or they should be of pharmaceuticd qudity. Acceptable limits for the purity, condstency and yield of
product should be specified and justified (see sections 2.4 and 2.5).

Viral Vector. For the production of avira vector, avird seed lot system and/or a cell bank system
have to be used. These systems/banks should be fully described, with controls which are performed
a each step. Precautions must also be taken to prevent infection of the packaging cell line by wild-
type viruses which might lead to the formation of replication-competent recombinant viruses.

Cell Based Systems. Geneticdly-modified somatic cdls might themsdves be gene trander
medicind products where the gene of interest is inserted into and expressed in, for example,
fibroblasts, myoblasts, epitheliad cells or other cdl types (see section 3). Thisis followed by in vitro
expanson to sufficient numbers for inoculation into one or more patients having the same disease.
Alterndivdy, the geneticaly modified cdls may be grown in collagen lattices or other gppropriate
matrices or encapsulated to produce “neo-organs’ that secrete a particular thergpeutic protein. Full
documentation of the origin, higory of the somatic cdls incuding ther hiso-compatibility and
immunologica phenotype should be provided. The homogeneity and genetic stability of the cells
should be demonstrated. Any observable changes in cell morphology, functions and behaviour, eg.
migration characterigics, of the geneticdly modified soméatic cells compared with the origind
unmodified cdls should be well documented in dl three parts of the regulatory submisson. Master
and working cell banks should be established, thoroughly characterised and subjected to periodica
qudity control. Evidence of freedom from contamination with adventitious agents, including the wild
type vector virus, is essentid. The quality of al components used for production should be

documented. Any encapsulating device used for protecting the administered cells from the recipient’s
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immune sysem should be conddered as pat of the find product. Therefore, it should be
characterised, quaity controlled and lot released.

2.3 Purification

Potentid impuritiesin the fina product will be influenced by the nature of the product and the choice
of production/manufacturing process. A suitable purification process should be chosen and it should
be shown to be cgpable of removing impurities arisng from the process to an acceptable leve. Al
production processes that involve cdl cultures should be validated for the absence of extraneous
Viruses.

The risk of contamination of the final product by extraneous viruses should be minimised by rigorous
testing of cdl bank, intermediates and end products for the presence of adventitious virus. In
addition, raw materids of biological origin should be sdected which have been thoroughly tested and
manufactured by a process vaidated for the remova of adventitious and endogenous viruses.

2.4 Product characterisation

Rigorous characterisation of the final processed product or the finished product and its individud
components, where gppropriate, is essential and their dability should be established by an
appropriate range of molecular and biologica methods. Suitable tests should be included to establish,
for example, that complexed nucleic acid has the desired biochemical and biological characterigtics
required for its intended use. Immunologicd and immuno-chemicd tests may provide vauable
information. In the case of vira vectors, tests should be included to show integrity and homogeneity
of the recombinant vira genome.

The purity of the find processed product should be determined and the level(s) of impurities
consdered as acceptable should be judtified. These include e.g. nucleic acids derived from bacteria
used for the production of plasmid DNA, extraneous nucleic acids in vector preparaions or other
impurities. The criteria for acceptance or rgjection of a production batch must be given. Judtification
of these criteria should be based on preclinica safety or clinicad data. In the case of replication-
deficient vird vectors, it is essentid that al measures/steps are being taken to minimise the possibility
that they become contaminated with replication-competent viruses during the production processes.
Teds are essentid to show that replication-competent viruses are below an acceptable levd. In the
case of replication-competent adenovirus, the level set should be demondrated to be safe in
appropriate animal and/or human studies

2.5 Consstency and routine batch control of final processed product
2.5.1 Consistency

A minimum of 3 successve batches of the bulk product should be characterised as fully as possible
to determine condstency with regard to identity, purity, potency and safety. Thereefter, a more
limited series of tests may be appropriate. The studies should include molecular, biological, and/or
immunologica methods to characterise and assay the product as well as methods to detect and
identify impurities. Any differences which occur among batches should be noted and investigated.

2.5.2 Routine batch control analysis

A specification table (including parameters, methods and specifications or criteria for acceptance)
should be provided. Batches andysis of a product should be undertaken to establish consstency
with regard to identity, purity and potency. A distinction should be made between the anaytical tests
performed during product development, in order to fully characterise the product, and tests
performed routingly on each production batch of (purified) bulk product. On the basis of the results
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of product characterisation, the gpplicant should justify the selection of the battery of tests to be used
for routine batch control.

Identity. A sdection of tests used to characterise the purified product should be used to confirm
product identity for each batch. The methods employed should include tests to determine the genetic
composition and physico-chemica and immunologica characterigtics, together with tests to measure
the expected biologicd activity.

Purity. The degree of purity desirable and attainable will depend on severd factors; these include the
nature and intended use of the product, the method of its production and purification and dso the
degree of congstency of the production process. The purity of each batch should be established and
be within specified limits. Tests should be goplied to determine levels of contaminants of cdlular
origin, eg. from the packaging cdl line, as well as materids that may have been added during the
production process. An gppropriate upper limit for each identifiable contaminant should be set.

Potency tests. For estimating the potency of vectors, biological assays should be applied, where
gopropriate, whichpermit evduation of the efficiency of trander and the levd and dability of
expresson of the genetic materid, or its effects. A reference batch of vector of assigned potency
should be established and used to cdibrate assays.

The efficiency with which vectors trandfer the genetic materid to target/test cells together with
information on the resulting level of gene expresson may provide the bads for assessng ther
potency. When tests are conducted in vitro, the target cdl population should be carefully
characterised. The variability of the biologica system as a whole should be monitored, particularly
where target cells may be derived from different sources/donors and long-term expresson or
manifestation of the trandfected genetic materid is being followed.

Where appropriate and for vectors intended for direct in vivo gpplication, biologica potency testsin
animd tissues maintained ex vivo or in whole animas should be congdered. Transgenic animals or
animals with transplanted human tissues or systems, e.g. a suitable xenograft model, may be suitable
for this purpose.

Whenever possible, suitable ways for expressing potency of vectors should be established and results
reported in areference unitage. Specific biologicad activity should be determined.

Safety tests. In products containing replication-deficient viruses, a test to detect replication
competent virusesin supernatant fluids of cellsand in virus pellets a gppropriate stages of production
is essentid. Tests must be carried out on each production run and batch of product. In the case of
replication deficient adenoviruses as vectors, drict upper limits should be st for replicaion
competent adeno-viruses (RCA) inherent to the manufacturing process. The characterisation of the
RCA should be wdl-defined and the manufacturing process should be condstent and well-
controlled. Additionaly, the RCA levels should be demondtrated to be safe in anima and/or human
studies. In the case of retroviruses as vectors, if replication-competent retroviruses are detected, the
whole batch should be rejected (see section 3.3).

The infectivity/particle ratio of vird vectors should be determined and the lower acceptance limit
should be st to control the possible toxicity due to vird proteins and potency of the product.

The find product for adminidration should be qudity controlled againgt an appropriate finished
product specification taking into congderation the principles as set out above. The gtability of the
finished product in use and during storage should be properly investigated including its competibility
with any diluents used in recondtitution.
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3. SPECIFIC CONSIDERATIONS FOR INDIVIDUAL GENE TRANSFER
STRATEGIES

3.1 Plasmid DNA products (e.g. DNA vaccines)

In this case the gene transfer medicind product conssts of bacterid plasmid DNA into which the
expression congtruct has been inserted.

When the find gene trandfer product condsts of more than one individud plasmid, the rdevant
information as set out below should be provided for each individua component unless it is
scientificdly judtified that the mixture should be characterised as aSingle entity.

A detailed description of the development of the plasmid DNA should be provided. This should
include information on the gene encoding the protein, the congtruction of the entire plasmid and the
origin and history of the host bacterid cdll.

The origin of the gene of interest should be described in detall such as the identity of the micro-
organism or cell from which the gene was derived, the origin of the source, its species, passage
higtory, sub-type and isolation strategy followed. It is recognised that in some cases, the inserted
gene may comprise smadl regions derived from severa genes present in the origind organism or have
an dtered nucleotide sequence to optimise condon usage or contain entirely novel coding sequences.
In any case, the rationde for the use of the gene(s) should be discussed and the sequence of the
wild-type gene and details of the biologica properties, eg. function or antigenicity, of the encoded
protein inits natural state should be provided.

The steps in the congruction of the entire plasmid should be described including the source of the
plasmid(s) used and subclones generated during the cloning procedure. Functiona components such
as regulatory sequences (origin of replication, vira/eukaryotic promoters, splice donors and
acceptors, termination sequences) and selection markers should be clearly indicated and information
on the source and function of these dements should be provided. The use of al specific dements or
regions of DNA should be judtified. Specid attention should be given to the nature of the sdection
marker. The use of certain sdection markers, such as resstance to antibiotics, which may adversdy
impact on other clinica therapies in the target population, should be avoided.

Sequence data on the entire plasmid will be required (this will generdly be derived for plasmid
present within the master cell bank) and an informétive redtriction map of the plasmid should be
presented. Alternative unanticipated reading frames should be considered and a sequence homology
check of the plasmid with an internationd database may provide useful information regarding
sequences with unintentiond biologicd significance. A discusson on the potentid for chromosoma
integration should be provided in the qudity, preclinica and dlinical expert reports of the submisson,
taking into account the route and method of adminidration. This should take into consderation the
sgnificance of any sequences homologous to the human genome.

The rationde for the choice of the host bacteriad cdl used for production of plasmid should be
provided along with a description of its source, phenotype and genotype. It should be demonstrated
that the hogt cdll is homogeneous and free from adventitious agent contamingtion.

The identity of the plasmid DNA after transfection into the bacteria cell to be used for production
and the phenotype of the transfected cell should be confirmed. In order to ensure that the correct
sequence of the plasmid containing the inserted gene is maintained, data on the stability of the
plasmid within the bacterid cdl during fermentation will be required. The expresson of any
prokaryotic genes, such as a sdlection marker, in a eukaryotic cdl line should be investigated and
judtified in relation to the clinical use of the product.
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Cell Banks. The production of plasmid DNA should be based on a well-defined master cell bank
(MCB) and working cell bank (WCB) system. The cloning and culturing procedures used for the
establishment of the MCB should be described. During the establishment of both the MCB and the
WCB, congderation should be given to avoiding contamination with other cdll lines. The origin, form,
storage, use and expected duration at the anticipated rate of use must be described in full for al cell
banks. The MCB should be fully characterised and specific phenotypic features which form a basis
for identification should be described. The sequence of the entire plasmid should be established at
the stage of the MCB. The WCBs should be adequatdly characterised and meet established
acceptance criteria. The viability of the host-vector system in the MCB and WCB under storage and
recovery conditions should be determined. It should be demondstrated that MCB and WCB are free
from extraneous microbia agents.

Production. Procedures and materials used during production fermentation should be described in
detall. Data on consgstency of fermentation conditions, culture growth and plasmid yield should be
presented. Relevant in-process controls should be identified and reection criteria during fermentation
should be established.

The maximum levd of cell growth to be permitted during production should be defined and should be
basad on information concerning the stability of the host cell/plasmid system up to and beyond the
level of fermentation used in production. At the end of fermentation, becterid cdl/plasmid
characterigtics should be investigated. This should include the plasmid copy number, degree of
retention of the plasmid within the bacterid cdl, restriction fragment andysis, and the yidd of both
cdlsand plasmid.

Criteria for the rgection of harvesting lots should be set in such a way that the yied, nature and
qudity of the product does not change with respect to specified parameters.

Purification. Methods used to purify the plasmid DNA and their in-process controls including
specification limits should be described in detall, justified and vdidated. The ability of the purification
process to remove unwanted nucleic acid (host RNA, chromosoma DNA, linear or denatured
plasmids), host-cell-derived proteins, carbohydrate, endotoxin or other impurities derived from the
production or purification process (including media-derived components) should be investigated
thoroughly, as should the reproducibility of the process Data from vdidaion sudies on the
purification procedures using concentrations of contaminants in excess of that expected during
norma production may be required to demondirate the clearance capacity at each purification step
and overdl. A reduction factor for such contaminants a each stage of purification, and overal,
should be established. Specid attention should be given to the removal of endotoxin.

Characterisation of bulk purified plasmid. The identity, purity, potency and dability of the bulk
purified plasmid must be established. Initidly, thorough characterisation should be performed on a
least a single production batch. Theresfter, it may be appropriate for a subset of the tests used during
characterisation to be applied on aroutine basis for batch control.

Identity. Initid characterisation should involve a variety of chemicd, physcd and biologica
methods. The entire sequence of the plasmid (or plasmidsiif the fina product contains more than one
diginct entity) should be determined a least once at this stage and the potentid for sequence
heterogeneity should be considered. The molecular form of the plasmid, i.e. proportion of supercoils
etc in the purified bulk must be assessed and dl molecular forms should be identified. Consderation
should be given to any modification of the DNA which may have taken place during its production,
eg. bacterid specific methylation, which may affect the expresson of the encoded antigen in
mammdian cdls
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Purity. Contaminating materials should be identified and limits on their presence established. These
will include ingppropriate forms of plasmid DNA and host cell related contaminants such as host cdll
protein, chromosomal DNA, RNA and endotoxin. Appropriate tests will be performed to ensure
that materias used during production and purification are removed to acceptable levels.

The degree of contamination consdered acceptable for each contaminant should be judtified and
criteriafor the rgjection of a production batch should be specified.

Specifications for acceptable proportions of the molecular forms of the plasmid which contribute to
efficacy should dso be established.

Potency. The design of the potency assay should take into consideration the nature of the disease,
the proposed use of the plasmid, the expressed protein and the biologica or immune response being
sought. It is likely to be an in vivo assay dthough it may be possble to judify and vdidate an
acceptable quantitative in vitro assay. Whatever the assay, an in-house reference preparation should
be esablished from a highly characterised batch of plasmid which preferably has been dlinicaly
evaluated.

Stability. The stability of the fina formulation should be determined and the data used to st a
maximum shelf life under appropriate sorage conditions. Red time stability studies should be
undertaken for this purpose, but accelerated stability studies at elevated temperatures may provide
complementary supporting evidence for the stability of the product.

Consistency. A minimum number of three successive batches of bulk purified plasmid should be
characterised as fully as possble to determine consstency. This may include tests on the find
formulated plasmid, where appropriate. The data obtained from such studies should be used as the
bass for the bulk purified or find plasmid DNA specification

3.2 Non viral vectors for delivery of transgenes (e.g. liposomes, receptor mediated
ligands)

Non-vird ddivery of an expresson congruct employs pharmaceutical formulations of the construct
by exploiting the physico-chemicd or colloidal properties, for example, Sze and surface charge,
conferred by the delivery device to achieve Ste-specific or targeted ddivery of the congruct. The
underlying principles for ddlivery of the congtruct in generd are not gnificantly different from that for
conventiona biopharmaceuticals. Various drategies have been shown experimentaly to increase
specificity or efficiency of transfer of the genetic materid through the formation of a complex with
cationic liposomes, with proteins (e.g. transferrin) or with polymers (e.g. polylysine or dendrimers).

Characterisation of the complex and its congtituents by means of gppropriate physico-chemicd and
biologica methods is fundamentaly important in understanding how these properties can influence
the transfection efficiency and biodistribution of the complex (see dso Preclinica Safety Evauation
section 5.2.1). The rationale for the complex should be described with respect to the physico-
chemicd features which confer gability on the product under a given condition or in a particular
biologicd environment, for example, a given lipid composition which renders the product stable or
otherwise within arange of pHs or in arelevant biologicd matrix.

For ddivery sysems using cationic lipids, liposomes or cationic polymer, the surface properties
should be adequatdly characterised including the surface charge. The qudity of the components used
in complex formation should be defined with respect to their purity. The interaction between the
vehicles and the negatively charged DNA should be addressed. The compostion of the formulation
used to ddiver the construct should be supported by experimenta data in terms of, for example,
trangfection efficiency and in vivo biodigtribution of the congtruct. Since transfection efficiency and in
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vivo biodidgribution can be influenced by particle sze, the mean particle sze as well as the sze
digtribution should be characterised using an gppropriate method (see Preclinica section 5.2.2). The
gability of the particles should be addressed. The influence of pH and the buffering reagents used on
the stability of the complex and its surface properties should be consdered and evaluated. Reference
should be made with regard to the potentia degradation products derived from the delivery vehicle
itsdf through, for example, oxidation or depolymerisation. The data should form the basis of the
formulation strategy as well as the storage conditions proposed.

Ligand-mediated gene ddivery congructs in general consst of a receptor-binding ligand conjugated
to a DNA binding domain, eg. poly-L-lysine or a peptide. The gene congtructs can then be
ddivered to the cdls expressing the gppropriate receptor. The rationde of the proposed strategy to
deliver the condtruct through conjugation should be provided. The targeting/sdectivity and specificity
of the ddivery vehicle should be supported by experimenta data (see Preclinical section 5.2.2). The
data should form the basis for the design and development of relevant control methods. The synthesis
and chemicd characterisation of the ligand moiety should be adequately documented. By-products
arigng from synthess and production of the ligands and the complex should be addressed with
respect to their impact on safety and performance of the complex for administration to the patients.

For products which require a device to ddiver the congtruct, the operating parameters and their
cdibration or vaidation should be addressed in relation to the intended clinica use.

3.3 Vird vectors

Full documentation on the origin, higtory, and biologica characteridtics of the parenta virus (e.g. life
cycle), should be provided. A full description and characterisation of the part(s) of the vira genome
into which the expresson congtruct is inserted or ligated, modifications of remaining vira sequences
and any other sequences (e.g. promoters) to be included in the recombinant vird genome should be
provided. The scientific rationae with regard to the choice of the vira vector should be provided
with reference to the proposed clinica indications. This will include i) tissue tropism, ii) transduction
efficiency in the target cdl population or cdl type, eg. whether the cdls are dividing or termindly
differentiated or cells expressing the appropriate vird receptor for internaisation, iii) the presence
and maintenance of the vird gene sequence(s) important for anti-vird chemothergpy of the wild type
virus (See Preclinical Section 5.2.3), iv) the tissue specificity of replication.

Master and working vird seeds should be established, thoroughly characterised and stored under
gppropriate standardised conditions. The storage conditions should be continuoudy monitored.

In most cases gene transfer vird vectors are replication deficient. Replication-deficient viruses are
propagated in packaging cell lines genetically modified to express the vird proteins necessary for the
production and packaging of vird genomes containing the expresson congtruct. In this regard, the
main safety issue associated with the use of replication deficient vira vectors concerns re-acquisition
of replication competency through recombination or complementation with contaminating vird nudeic
acid sequences. The drategy taken to render the viral vector replication deficient should be clearly
documented. In the case of retrovird vectors, one way to minimise recombination is to express the
genes encoding the vird structural and enzymatic proteins from independent congtructs which have
been insarted into separate chromosoma integration stes of the packaging cdl line. Consderaion
should therefore be given to avoiding contamination during production and congtruction of the vector
in order to minimise recombination. The likelihood of recombination with endogenous retrovira
sequences likely to be present in the cell substrate used for packaging should be considered.
Appropriate controls should be put in place to check for this eventuality.
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The products or intermediates, where gppropriate, as well as the packaging cdl lines should be
screened for replication competent virus (RCV). Full details of the congtruction of the packaging cell
line should be given, including the nature and, where possible, the location of the helper vird nudec
acid sequences and ther encoded proteingfunctions. The origin, identity and biologica
characterigtics of the packaging cdl line together with details of the presence or absence of
endogenous vird particles and sequences should be described. Master and working cdll banks
should be established, thoroughly characterised and subjected to periodical quaity control. Freedom
from contamination with adventitious agents is essentid to ensure microbiologid safety of the
product.

Furthermore, the possbility of a recombination event occuring in vivo should aso be consdered
where the nucleic acid sequences in the vector share homology with any known retrovira
sequence(s) present in the cell genome. Deletion of viral sequences known to be associated with
pathogenesis should be consdered. Such background information, in summary format, would be
helpful in the design of gppropriate preclinica toxicologica sudies.

Replication competent viruses have adso been developed as gene trandfer vectors. In the case of
employing an RCV vector, a clear rationde of the congruct and the individuad genetic eements
should be provided with regard to its safe use for the proposed clinica indications. Consderations
should be given to the following factors with regard to the acceptability of an RCV for gene trandfer:

i) that replication competence is an absolute pre-requisite for the efficacy of the product;

i)  that the vector does not contain any eement known to be capable of inducing oncogenicity or
insartional mutagenes's.

i) if the parentd vird drain is a known pathogen, the infectivity, virulence and pathogenicity of
the RCV should not been significantly modified after genetic manipulation.

iv)  thetissue specificity of replication.. For vird vectors which are selected on the bass of thar
organ/tissue tropism, evidence should be provided on the sdlective expresson of the inserted
gene or an gppropriate reporter gene a the desired ste. This should form the bass for the
design and development of appropriate control methods (See aso Preclinica section 5.2.3).

The safety concerns that should be considered in connection with the use of retrovird vectors include
activaion of cdlular oncogenes or the inactivation of tumour suppressor genes due to provird
integration. The probability of this event occuring will be increased by the presence of replication
competent retroviruses (RCR). In order to minimise the risk of producing RCR, packaging cdll lines
with minima recombinaion risk should be used where the Sructurd or functiond genes are
independently expressed from different congtructs. This Strategy is intended to increase the number
of recombination events required for the generation of an RCR. In any event, full detalls on the
rationde for the product development including the minimisation of RCR generation should be
provided (see aso above).

For the detection of RCR, cell culture supernate should be tested after vector production by
passage(s) on a cdl line permissve for RCR. Thisis then followed by a suitable assay to detect and
quantify RCR. The assay chosen should be vdidated and the sendtivity of the assay should be
dated. Each assay should include an appropriate control for the sandardisation of the assay. In this
regard, a properly validated assay based on nucleic acid amplification technology should be
congdered for itsincluson as a control test.

For products utilisng other vira vectors, consderations should be given during product development
to i) pathogenicity of the parenta virus and the vectorcomponents in man and in other species, ii) the
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minimisation of non-essentiad accessory vird components or engineering of vird packaging proteins
to render the vird vector replication defective and iii) to engineer the vird vector to share minimd
homology with any human viruses or endogenous viruses (e.g. endogenous retroviruses) thereby
reducing the risk of generating a novel infectious agent. Similar to the srategy adopted for an RCR
detection assay as indicated above, the presence of RCV should be tested for in an appropriate cdl
line pamissve for amplification of RCV. The presence of RCV can be detected usng an
gppropriate detector cdl line. An dternative method of detection could be used provided the system
proposed is fully vaidated during the development of the product.

Recipients of a viral gene transfer product should aso be subjected to agppropriately designed
aurvelllance in order to evduate the safety of the vird vectors in these individuds. These recipients
should be monitored both serologicaly as well as by a properly vdidated nucleic acid amplification
test (see section 6).

3.4. Cdl-based products

The cdlls consdered in this document are bankable cdlls. Allogeneic or xenogeneic cdls, ether in
suspension or encapsulated or attached to a matrix, can be used as gene transfer product. Reference
should be made to the rdlevant points to consider document or guidance note concerning the control
of cdll therapy or cdll substrates.

3.4.1 Sourceof cdls

Ex vivo gene transduction of cells obtained from the same human subject (autologous) or from
another histocompatible subject (alogenic) should be consdered as a specid case. The genetic
modification can be achieved by usng the same types of gene transfer products (plasmids, vira or
non-vira vectors) asis used in the in vivo gene transfer procedure. In these scenarios, in order to
minimise unwanted transformation, the find cdl population is often limited to the clinical doses.
Appropriate control over the cdl manipulation process is necessary. When ex vivo gendiicdly
modified cells are used in a non-proprietary fashion, that isto say as part of amedica procedure, the
principles as set out in this note for guidance and that laid down in the CPMP Points-to-consder for
somatic cdl therapy medicind product should be followed.

Allogeneic cells. Donors should be subjected to the same selection criteria as for blood and organ
donors in accordance with the recommendations made in relevant Notes for Guidance. These
include i) screening for mgor vird as wel as bacterid pathogens (eg. HIV, HBV, HCV, CMV,
mycobacteria), ii) typing for blood group antigens, mgor and/or minor, where gpplicable, and for
histocompatibility antigens. Appropriate look back procedures and, if gpplicable, quarantine systems
should be in place. Reference is made to the following documents: CPM P Guidance Note on Plasma
Derived Medicind Products (CPMP/BWP/1999); Suitability of blood and plasma donors and the
screening of donated blood in the European community, Council of the European Union
recommendation 98/463/EC.

Screening and typing, eg. HLA, should be performed using validated state-of-the-art methods & the
highest level of sengtivity and specificity. The procedures and standards employed for these
purposes should be detailed and justified. Xenotransplant recipients should be excluded as suitable
donors in order to avoid potentid horizond transmisson of zoonoses. Donors who are tested
pogitive for any magor pathogen should be excluded; these donors are only acceptable in very
exceptional  crcumstances such as difficulty in obtaning hisocompatibility metching and for the
treestment of life-threatening diseases. In addition, specific screening or typing should be carried out,
if gpplicable, for certain disease-associated antigens (e.g. tumour associated antigens). Pooling cells
from different donors should require careful consideration Particular attention should be drawn to
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potentid adverse interactions between these cdlls as a result of donors incompatibility. This may
impact on the qudity of the cdl population.

Criteriafor acceptance/rgection of the donor should be described and fully judtified. The relationship
between number of donors and one lot of an alogeneic cell product should be stated.

Xenogeneic cells. Because of greater risks associated with the use primary xenogeneic cells, they
should not be used until an internationd agreement on xenotrangplantation is reached, an effective
international system of surveillance is put in place and a specific internationa Note for Guidance is
issued. Xenogeneic cells can only be used as gene transfer products when they are derived from well
characterized and established cdll lines, taking aso into account any specific guidance issued with
regard to the clinical use of xenogeneic cels. Furthermore, an gppropriate risk/benefit assessment
should be carried out to justify the use of a xenogeneic cdl-line for the purpose of gene transfer. In
such an assessment, congderation should be given to the potentid risk of horizonta transmission to
the wider populations of known or hitherto unknown infectious agents. In addition, a cdl banking
system should be established. Control testing should be performed using vaidated gate-of-the-art
methods at the highest level of sensitivity and specificity. The cdll line from which the magter cdll bank
is established must be shown to be free from animd viruses, e.g. endogenous retroviruses, or other
adventitious agents such as bacteria, fungi and mycoplasma (see dso Note for guidance on qudity of
biotechnologicd products. derivation and characterisation of cell substrates used for production of
biotechnological/biologica products, CPMP/ICH/294/95).

3.4.2 Biological characterisation of cell population

The methods for the isolation/selection of cells should be described. The identity of the tissue, from
which the cdls are derived should be confirmed by appropriate histologicd and/or phenotypica
andyss. For cdls maintained in vitro as cdl lines, the species from which the cells are derived
should be clearly documented.

The identity, homogeneity/purity, Soecific activity and stability of the cells obtained for gene transfer
should be properly described in terms of their biochemicd, morphologica, immunologica and
physiological characteristics. These cells should aso be checked for the presence of adventitious as
well as endogenous viruses in order to exclude infected cdls for use in production. Criteria for
acceptance/rgection of cell preparations at various steps should be described and justified.

For xenogeneic cells, where gpplicable, a sendtive and specific method should be developed and
vaidated in order to differentiate between the xenogeneic cdls and the recipient’s cdlls.

A batch of cdlsand its 9ze should be defined.
3.4.3 In vitro cdl manipulations

Cdls are manipulated with the types of gene transfer strategy as described earlier. The vectors used
should be produced, characterised, quaity controlled and lot-released: the quality in relation to safety
aspects of the transduced cells should be assessed as described below.

At al gagesof in vitro manipulation, cells must be treated under appropriately controlled conditions
to avoid microbiologicd contamination. Condderation should be given to preventing cross
contamination with other cdll lines or samples. No ather cdl lines should be handled smultaneoudy in
the same laboratory suite or by the same persons unless otherwise fully justified. Specific vaidated
differential identification testing should be carried out a selected process steps. Such testing results
should be provided in the gpplication dosser.

The complete process of cell manipulation must be vaidated to ensure the excluson of adventitious
agents (viruses, bacteria, fungi, mycoplasma) below detectable limits.
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All reagents and materids of anima origin used for production should comply with the current
regulation to minimise the risk of transmissble spongiform encephaopathies. The reagents usd
should be properly documented for their source, origin and gppropriate quaity controls (particularly
for viruses, bacteria, endotoxins . Alternatives to animal or human sera should be condgdered, where
practicable.

During production, gppropriate in-process quality controls should be performed at key intermediate
sages to control the cdl preparations. This includes identity, viability, purity, bioactivity, Serility,
absence of mycoplasma and viruses, and gene trandfer vector related controls (e.g. RCV, resduad
vector or nucleic acids, percentage of transduced cdlls, etc). Specifications and limits should be set
for these parameters and judtified.

3.4.4 Cdl banks

For both alogeneic and xenogeneic cdls, a cdl bank system should be established conssting of a
madter cel bank (MCB), a working cdl bank (WCB) and an extended-production cell bank
(EPCB) or cdls at the end of their in vitro cdl age. The maximum levd of cdl culture time should be
unambiguoudy stated based on data obtained from the EPCB.

For both xenogeneic and dlogeneic cdls, MCBs and the EPCB should be completely characterized
for identity, viability, homogeneity, cdl densty, purity, derility, functiond activity, phenotype,
absence of mycoplasma and adventitious or endogenous viruses. For cells which have been
transfected with genetic materid, where gpplicable, gene integrity, expresson and stability, resdud
vector or nucleic acids and RCV should be characterised. (see dso Note for guidance on qudlity of
biotechnologica products. derivation and characterisation of cell substrates used for production of
biotechnological/biologica products, CPMP/ICH/294/95).

3.4.5 Proliferative capacity

Cdls may be treated with growth factors or cytokines in order to bring about cdl differentiation
and/or expansion. The expanded population of cells should be tested for the presence of the intended
phenotype. Unintentiond transformation should be considered as part of the control criteria.

For any cedl based gene transfer product for which in vivo proliferation is not a pre-requisite for
efficacy, a strategy should be put in place to arest cdl growth by an gppropriately vdidated
trestment, e.g. irradiation. Evidence should be provided thet the cdlls are devoid of any proliferative
potential and any residud proliferative capacity should be measured, controlled and judtified.

Where in vivo proliferative capacity of the cdlsis a pre-requisite for clinica efficacy of the product,
evidence should be provided that the cells are capable of re-population or proliferation following
storage. This should therefore be determined by an appropriately validated method.

3.4.6 Culturelongevity and stability

It should be demongtrated that the culture conditions and manipulations sustain the development of
and/or the maintenance of the intended phenotype for a duration compatible with thein vivo function
of the genetically modified cdls. Phenotypic and genotypic characteristics as well as viability of the
cdl population should be shown to be stably maintained during the process e.g. from MCB to WCB
to EPCB. Maximum culturing time should be accordingly specified and judtified.

3.4.7 Quality aspects of genetically modified cells

After genetic modification and suitable processng steps, rdevant biologica as well as genetic
characterisation of the fina cedll preparation should be carried out. The following controls should be
carried out to characterise the resulting cdls: identity, viability, dengty, homogeneity (percentage of
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sub-populations, percentage of transduced cells), purity (presence of residud reagents carried over
from the process such as growth factors or monoclond antibodies), biologica activity, serility. For
the cels which have been trandfected with the geng(s) of interest, the integrity, expresson
(condtitutive or regulated), copy number and product identity and functiona activity, vector
integration status should be determined by a suitable method as far as possible. Where gpplicable,
the presence of RCV, residud vectors or plasmid nucleic acids and associated polymers should be
controlled. A potency assay for the determination of the biological activity should be carried out
incuding the newly acquired biologicd function following transduction. Such biologicd activity should
be maintained during storage.

4. CONSIDERATIONS ON THE USE OF GENETICALLY MODIFIED
ORGANISMS (GMO)

In addition to issues relaing to safety, quaity and efficacy, medicind products containing or
congging of geneticaly modified organisms (GMO's) may present biosafety issues concerning
predominantly intrindc safety properties and safe handling of living organiams in redion to
environments and the wider human population.

Within the context of directive 90/219/EEC (as amended) and 90/220/EEC (as amended) GMO
means an organism or a micro-organism in which the genetic materia has been dtered in away that
does not occur naturaly by mating and/or natural recombination [article 2 of Directives 90/219/EEC
(as amended) and 90/220/EEC]. This definition covers micro-organisms including viruses, viroids,
cdl cultures including those from animas but does not cover naked recombinant DNA and naked
recombinant plasmids.

In 1992, the group of competent authorities for the implementation of Directives 90/219/EEC and
90/220/EEC suggested the following approach:

In accordance with Council Regulation EC 2309/93, for a medicind product containing or
consgting of genetically modified organisms within the meaning of Article 2(1) and (2) of
Council Directive 90/220/[EEC? for the purpose of marketing authorisation application and the
Environmental Risk Assessment for Human medicinal Products Containing or Consisting of
GMOs , a specific environmenta risk assessment smilar to that laid down in Directive
90/220/EEC or any subsequent amendments is required. Written consent or consents of the
competent authorities to the deliberate release into the environment should be obtained. Thus, in
its opinion on applications for marketing authorisation of such medicina products, the CPMP
shall ensure that al appropriate measures are taken to avoid adverse effects on human health
and the environment which might arise from the deliberate release of placing on the market of
geneticaly modified organisms.

In relation to containment procedure according to Council Directive 90/219/EEC, reference is made
to the “ Guidance for risk assessment outlined in annex 111" of the Council Directive 98/81/EC.

5. PRECLINICAL PHARMACOLOGICAL/TOXICOLOGICAL EVALUATION OF
GENE TRANSFER PRODUCTS

5.1 General considerations

This chapter covers the preclinica studies to support clinicd trids and marketing authorisations for
gene transfer products as outlined in Section 1.2.

% Council Directive 90/220/EEC is subject to revision.
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As dated in Section 1.3 it is important to note that some of the safety issues require a clear
underganding of the product characteristics in order to design preclinicd testing necessary to
evauate specific questions relating to the pharmacology and toxicology of the product. Therefore, it
isinevitable that there will be overlgps between the qudity part and the preclinica part for the reason
that such information is rdlevant from a different perspective for the characterisation and control of
the gene trandfer product as well as the design and evaduation of appropriate preclinicd studies.
Thus, there may be repetition within sections but this is to ensure that correct data are included both
in the quality part (Part 1) and preclinicad part (Part 111) as crossreferencing is required between
these two parts of the submissions.

Both during the clinicd trid stage and to support a Marketing Authorisation, the nature and extent of

pharmacologica/toxicological evauation will be dependent on the nature of the gene trandfer

product, the clinica use (e.g. therapeutic gene trandfer products such as cationic lipids containing the

CFTR gene for the trestment of cystic fibrogs, or prophylactic gene transfer products such as a
DNA vaccine for hepatitis B), the clinica populations to be treated (e.g. children, women of child-

bearing potentia) and the intended duration of treatment. The risk/benefit evauation for a gene

transfer product such as a prophylactic DNA vaccine for use in children is clearly very different to

that for a product for use in clinical populations suffering from serious diseases for which there is no

dternative treatment; an appropriate leve of supporting data will be required in each case to address
specific safety issues (e.g. potentia for chromosomd integration).

Since gene transfer products contain nucleic acids and other biologicd materids, many of the safety
consderaions, issues and principles which apply to recombinant DNA products and other
biologicas manufactured by modern biotechnologica methods will be relevant and the gppropriate
Note for Guidance(s) should be consulted (e.g. Note for Guidance on Preclinica Safety Evaluation
of Biotechnology-Derived Pharmaceuticals (CPMP/ICH/302/95)).

The product should be sufficiently characterised to provide reassurance that the preclinica studies
have been conducted with materid thet is representative of that to be administered to humans in the
clinica sudies. The potentid impact of any modifications to the manufacturing process and the test
materid during the development programme, for the extrapolation of the animd findings to humans
should be considered (see Note for Guidance on The Preclinical Safety Evauation of Biotechnology-
Derived Pharmaceuticas for further guidance on this issue). Modifications to the genetic sequence
which result in dterations in the gene product, the use of dternative promoter/enhancer sequences, or
other changes to the product may require additionad preclinicd safety evduation. The scientific
rationae for the gpproach taken should be provided.

As for other biotechnology products, safety assessment using preclinicd animad modes should
consder two issues. 1) sdection of the anima species and physological/disease state; and 2) the
manner of delivery, including the dose, the route of adminigration and the trestment regimen
(frequency and duration). Relevant anima species and modes should be used where possible, i.e.
species'mode s whose biological response to the delivery system and expressed gene product would
be expected to be related to the response in humans.

5.2 Specific consderations

5.2.1 Unintended and unexpected consequences of gene transfer

Unintended and unexpected consequences of gene trandfer include insertiond mutagenes's, induced
cdlular changes and vector DNA mohilisation which have aso been considered with respect to the
quality aspects of gene transfer products.
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The potentid for integration of the new gene into the host genome should be investigated and
discussed both where it is intended and inherent to the method of expresson e.g. when retrovira
vectors are used, and in cases where integration is not intended e.g. when adenovird vectors, naked
or complexed nucleic acids are used. For some gene transfer products where there has been a great
ded of experience (clinicaly and preclinicaly) in usng a particular ddivery vector by a particular
route of adminigration, it may be possble to use information from the literature in place of further
experimenta work. The approach taken should be jutified.

Theoreticd risks associated with the potentia of vector integration into the human genome or the
generation of unexpected coding sequences should be evaluated by comparison of vector sequences
with available human genome sequence information. It is unclear to what extent a vector sequence
homologous with a human sequence will enhance integration. Depending on the potentia for
integration of DNA into the host genome and the proposed dlinica indication, sudies may be
required to investigate the potentia for tumour formation or disruption of normal gene expression.

The dte, didribution and extent of vector gene expresson desred and undesired should be
evauated. Suitable assay methods may include nucleic acid amplification technology (NAT) based
assay e.g. in situ NAT or reverse transcriptase NAT (to investigate if the gene is expressed and
transcribed), immunologically-based assays and other suitable techniques to detect the expression of
the gene product. If the gene transfer product is present and expressed in inappropriate tissues, then
the duration of expresson and persstence of the gene should be examined. The posshility of
digtribution to, integration and/or expresson in germ-line cells must be investigated unless otherwise
judtified eg. the clinica indication and / or patient population indicates that such studies are not
warranted.

Undesrable effects may result from expresson of the gene at ingppropriate Stes and/or in
ingppropriate quantities, for example, expresson of receptors / ion channels at stes where they are
not normally expressed, the over expression of an enzyme, or very prolonged expression of a growth
factor or growth factor receptors, or the induction, expression or repression of other genes.

5.2.2 Naked and Complexed Nucleic Acid (non viral vectors)

The design of the complete DNA congtruct including the expression construct should be explained,
including the selection of promoter sequences, other transcriptional dements and any  sequences
which may facilitate homologous recombination. If other gene condructs are included, such as
antibiotic resistance genes for manufacturing reasons, then the possibility of expresson of such gene
sequences in mammdian cdls or other micro-organisms which are potentidly pathogenic, and the
possible clinical consequences of such expression should be addressed.

The sdfety of the materid used to complex the nucleic acid should usualy be investigated as an
integral part of the final product unless there are specific safety concerns about some aspects of the
complexing materid which reguires evauation in the absence of the nucleic acid. The design of the
toxicity studies should take account of the proposed route of administration, dose and dosing
regimen to be used in the dinicd sudies. Careful congderation should be given to evauating the
safety of the materia to which humans are actually exposed. For example, if nucleic acids are to be
complexed with liposomes and administered by the inhaation route via a nebuliser the following
issues should be consdered: the complexed liposome may differ from uncomplexed liposome; the
toxicity studies should evauate the liposome/DNA complex proposed for clinica use; the stahility of
the liposome complex and DNA after nebulisation should be considered and toxicity studies may
need to employ asmilar delivery method i.e. the use of asmilar nebuliser.
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Certain complexing materids may be used to target the DNA to the desired expresson dte as a
result of atropism of the complexing materid for a receptor a the target Ste (e.g. ligand-polylysne-

DNA complex or fusogenic protein). Such complexes should be shown to have the desired tropism
and target sdlectivity. In vitro sudies may provide initid information regarding this issue but in vivo
dudiesin reevant anima modelswill also be needed.

5.2.3 Viral vectors

Vira vectors may dso be used for thergpeutic or prophylactic gene transfer products and the
appropriate level of preclinical safety evauation should be provided to support a risk/benefit
evauation. An gppropriate judtification for the use of replication deficient or replication competent
viral vectors should be provided (see section 3.3).

The rationale underlying the design of vird vectors should be addressed with regard to the following:
the desired mode of action and tissue expression of the transgene; the location of the transgene in the
vector; the presence and/or maintenance of gene sequences important for anti-viral chemotherapy of
the wild-type virus, genetic dterations to confer the desired level of replication incompetence or
replication competence; the risk of the transgene being expressed by replication competent virus
following recombination or reactivation; genetic dterations to atenuate pathogenic effects.

The potentid for the contamination with, or production of, pathogenic viral sequences or replication-
competent viruses should be addressed and this is discussed in more detail under the quality aspects.

The number of vird vector particles per dose and the number of adminigtrations necessary to achieve
the required gene expression and the safety of such adminigrations for in vivo gene transfer should
be condgdered in view of possble immunologica / cytotoxic problems associated with high vird
loads. This will indlude an examination of inflammatory and immunologica responses and their long
term consequences.

Viral vectors or expresson constructs which are selected on the basis of their organ/tissue tropism
should be shown to result in selective expression of the gene product at the desired Site.

Anima models sdected for safety evauation of the gene trandfer product should be sengtive to
infection and to the pathologica consequences of infection induced by the wild-type virus related to
the vector whenever possible . The rationae for the selection of a particular anima modd should be
provided. Safety issues specific to particular vird vectors should be addressed in relevant and
permissve animd modes. For example, the use of Herpes smplex virus vectors will require
evauation of neurovirulence and potentia for latency / reactivation. These aspects will assume critica
importance if the gene transfer product isto be administered into the nervous system.

5.2.4 Genetically-modified somatic cells

All the studies described below should be carried out with transduced cells characterized as
thoroughly as possible, using vaidated state-of-the-art sensitive and specific techniques and should
be well documented in the gpplication dosser. If the find cell based product conssts of growth
support materid or implantable or encapsulating device, studies should be carried out with the find
form of cell based gene transfer product. In some cases it may be necessary to carry out separate
sudies. The capacity of the support/encapsulating materid to isolaie/bind the cells should be
investigated. The sudies should dso address the durability and tissue compatibility of such
support/encapsulating materias (see section 5.2.4).

In vitro and / or in vivo sudies should be used to examine any effects on cellular morphology,
function and behaviour, such as proliferation, immortdisation or the induction of a mdignantly-
transformed phenotypei.e. in nude mice.
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Re-introduced cdlls should be free from extrace lular gene transfer product / nucleic acid which could
be distributed and result in exposure of distant tissues/organs to the nucleic acid. The release of
transfer vector in vivo and the potentid for it to integrate-replicate-interact with other viruses and/or
disseminate to gonads or in other tissues should be considered.

Uses of dlogeneic or xenogeneic cdls may lead to an unwanted immune response to the
adminigered cells and in vivo anima sudies may give some useful information regarding the
toxicologica consequences of such an immune response. In vivo anima sudies may aso provide
information regarding whether the ex vivo transduced cells behave comparably in vivo to ther non-
transduced counterpart. Transduction may lead to dtered distribution, trafficking, locdisation and
destruction of these modified cdls in vivo. It may be important to investigate the persistence of the
transduced cells and their expressed gene product using PCR and immunohistochemica techniques.
Immunohistochemica daning of target tissue sections may demondrate that the expresson of the
gene product is occurring in the gppropriate cell populations and is not associated with pathologica
changes in the organ where expression occurs.

Furthermore, consderation should be given to the following issues:

Induced cdlular changes. Following vector transfer, unintended and unexpected changes may
occur compared with the unmodified cell population. In vitro and/or, when applicable, in vivo
sudies should examine any effects on celular morphology, phenotype, function and behaviour, such
as proliferation, immortdisation or the induction of a transformed phenotype. In addition, the
possihility that latent viruses (such as herpes zoster, Epstein-Barr virus and cytomegdovirus) have
been reactivated leading to the production of infectious virus should be invedigated. If not an
intended property of the genetic modification (eg. Transduction of antigens to increase
immunogenicity of tumour cells), evidence should be provided that the transduced cdls do not
provoke any unwanted immune response.

In vivo behaviour and activity of transduced cells. Adminigraion of alogeneic or xenogeneic
cdls may lead to an unwanted host immune response. In vivo animd dudies may give some useful
information regarding the toxicologica consequences and methods to prevent/diminish such a
response. In vivo animd sudies may aso provide information regarding whether the ex vivo
transduced cells behave comparably in vivo to their non-transduced counterpart. Appropriate
studies should be congidered to determine if transduction leads to dtered digtribution, trafficking and
locdisation of these modified cdlsin vivo.

It should be dso determined for how long the transduced cdlls perast and are active in vivo;
amilarly studies should be carried out to demondrate the appropriate expression, persistance,
locdization and activity of the rdevant gene product(s) without pathologicd changes in the Stes
where expression occurs.

Release of transfer vector in vivo. The posshility that transduced cdls, whether intentiondly
designed for this purpose or not, release vector or plasmid when trandferred in vivo should be
thoroughly investigated, including potentid for interactions with other infectious agents or disease
related drugs. The extent of these studies will depend on the vector or plasmid used, its replication
capacity and its integration status in the cells. Dissemination of vectors to various tissues and organs,
particularly to gonads, and to the environment should be investigated. Identity, infectivity, persstance
and activity of disseminated agent should be determined.

5.3 Potential efficacy

In vitro and in vivo sudies usng gppropriate modds and relevant anima species should be
designed to show that the gene is expressed a the appropriate site, in the gppropriate cdls a an
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appropriate level (extent and duration) and that functiond activity is redised. For example, if the gene
codes for a receptor, evidence that the expressed receptor is gppropriately coupled to cell-sgnaling
mechanisms should be provided. It isimportant to develop adequate methods for monitoring whether
gopropriate expresson occurs. Reporter genes may be helpful to assess the transgene delivery into
target cdls and its subsequent expression. Strategies to confer specific tissue tropism/targeting of the
gene trangfer product to the desired target Site should be evaduated in relevant anima models.

Counter-regulatory mechanisms may exist in the target cdls that prevent expresson of the inserted
gene. Any drategies taken to overcome these counter-regulatory mechanisms should be described
as should the rationale for the use of any associated promoter sequences and additiona
transcriptiond regulatory eements.

The duration of expression of the gene should be investigated and a rationae given for the proposed
dosing regimen in the dinicd sudies if repested adminigtration is envisaged.

For DNA vaccines, the immune response dicited should be investigated, including cdlular and
humord responses and protective efficacy (see dso CPMP Note for Guidance on the preclinica
pharmacologica and toxicologicd testing of vaccines, CPMP/465/95).

The species commonly used for conventiond toxicity tests (eg. rats and dogs) may not be relevant
anima models for diciting the desired pharmacologica response for some gene transfer products. It
may, therefore, be vauable to include a range of safety parameters in the single or multiple dose
anima sudies to investigate potentia efficacy (i.e. those parameters normally monitored in preclinica
toxicity studies - eg. body weight, clinical pathology, haematology, ophthamoscopy, ECGs/blood
pressure, necropsy and histopathol ogy).

5.4 Pharmacological/toxicological evaluation of genetransfer products
5.4.1 General principles

Anima toxicology studies may provide some information regarding the potentia for undesirable or
unexpected effects, but studies should be designed on a case-by-case gpproach. Relevant animal
species should be used where possible i.e. those whose biologica response to the expressed gene
product would be expected to be related to the response in humans. In some cases, particularly if
using a replication competent vird vector, it may be gppropriate that the animal modes selected for
safety evaluation of the gene transfer product should be senstive to infection and where possible to
amilar pathologica consequences of infection induced by the wild type virus relaed to the vector.
Reevant anima modds may include the use of transgenic anima modes or immunodeficient animas
bearing a human tissue transplant. The sdection of dose, duration and frequency of dosing should be
based on the proposed clinical dosing regimen and the levels and duration of gene expression in the
experimentd anima modd and in humans. Congderation should be given to interim sacrifice groups
if it is consdered to be important to monitor morphologicad changes a the time of maximum
inflammatory response (e.g. to an adenovird vector) or while gene expression is maximal. The design
of the toxicity sudies should be judtified.

The use of one relevant species for the Single and repeat dose toxicity studies may be sufficient unless
specific safety concerns require the use of a second anima species. The approach should be
scientificaly judtified. As suggested in Section 5.3, monitoring of safety end-points during the studies
to invedtigate potentia efficacy may provide supporting information, and may even provide sufficient
information in some cases, paticularly in cases where speciad ddivery devices are employed to
deliver the product e.g. intra-coronary delivery devices.
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5.4.2 Single dosetoxicity studies

A dngle dose toxicity dudy incorporating some safety pharmacology endpoints (eg.
cardiovascular/respiratory see 5.4.7) may be more appropriate than separate single dose toxicity and
safety pharmacology studies. Such safety endpoints could aso be incorporated into the studies to
investigate potentid efficacy. In addition to the use of the dinicd route of adminigration, a sngle
dose toxicity study should aso be conducted using a trestment regimen resulting in maxima systemic
exposure. Such a study may not be necessary if adequate data can show lack of penetration into the
systemic circulation and retention locdly.

5.4.3 Repeated dose toxicity studies

Many of the potentia toxic effects of gene trandfer products have been outlined previoudy in this
Note for Guidance and should be borne in mind when designing the repested dose toxicity studies.

Repeated dose toxicity studies will be required where multiple dosing of human subjects is intended.
The route, mode, frequency and duraion of adminidration in the anima sudies should mimic the
clinicd dosing regimen, wherever possble. Where the duration of trestment of patients is long-term,
toxicity studies should generdly be of 6 months duration. The duration of the recovery phase
investigations should be based on the persstence of the gene transfer product and expression of gene
product.

Reevant pharmacokinetic/tissue distribution parameters could be investigated in the same studies in
order to corrdate any findings with the presence of the vector materid, introduced nucleic acid
and/or expressed gene product.

The sdlection of doses and dosing regimens should dlow the determination of a safe Sarting dose
and dose escdation regimens for initid dinicd studies and provide information on parameters that
require clinica monitoring and the mechanism of any toxicity findings observed in dinica sudies.

5.4.4 Immunogenicity and immunotoxicity

For DNA vaccines, an immunogenic response againgt the expresson condruct is the desred
response. This should be investigated appropriately.

For other gene transfer products, the potentid for simulating cell mediated or humora immunity to
the nucleic acid, the vector-derived materid (e.g. vird protein), the expressed protein or the
trangplanted genetically modified cdls should be investigated. The generation of an immunologica
response againg the vector or the condruct, in generd might reduce its efficacy, with dtered
toxicologica consegquences. Monitoring for immunogenicity during the toxicity studies will ad in the
interpretation of these sudies. In cartain cases, induction of autoimmunity or additional immune
responses might have toxic side effects.

Adenovirus-carriers may serve as adjuvants in generating immune responses againg the expressed
gene product. If this product is a foreign homologue of a self-protein, an autoimmune response might
occur againg the homologous sdf protein in the host (bresk of tolerance). When this concern
applies, theissue should be investigated.

There may be unexpected and undesirable consequences of long-term expression of a foreign
antigen. These safety concerns need to be addressed in appropriate anima studies. They may include
potentid autoimmunity due to immuno-overstimulation leading to crossreactivity. In addition, the
expresson of surface antigens on cells expressing the transferred gene construct may be dtered,
which may adso have implications for autoimmune potentid. When the expressed gene product has
immunomodulatory actions, their consequences should be eva uated.
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5.4.5 Reproductive performance and developmental toxicity

An important issue to address is the possibility of distribution to, and locdisation of the gene trandfer
product in the gonads and germline dterations. Reassurance regarding the lack of germ-line
dterations may be gained from investigating the presence and persstence of a NAT dsgnd for the
vector and/or expressed gene product in gonads both in mae and femae subjects. A NAT and/or
RT-NAT ggnd in gonadd tissue should be evduated. Postive findings in terms of ther presence
and/or persistence requires further investigation to exclude the presence of the gene transfer product
in actud germ-line cells and integration into the genome of germ-line cdls. Examination of sperm and
ova usng NAT techniques may be consdered. Such ducidation is necessary before commencing
any study with the product in human subjects. . Effects on fertility and generd reproductive function
may, however, need to be addressed by Marketing Authorisation stage unless the absence of such
dudiesis judtified. Careful consderation should be given to the gppropriate study design to address
specific safety concerns related to a particular gene transfer product and to take account of the
proposed clinica use and clinicd population. Specific safety concerns may relate, for example, to a
complexing materid used in non vird vectors, the functiona activity of the expressed gene product or
the pathogenicity of a replication competent vird vector. Recommendations for appropriate
contraceptive cover should take account of the persistence of gene transfer products in the gonads.
Smilarly, embryo-foetd and perinata toxicity studies may be required if women of child-bearing
potentia are to be exposed to gene transfer products, depending on the clinicd use and dlinica
population to be. Such animd sudies may not be necessaxry in early, carefully monitored clinica
sudiesin clinical populations with serious life-threatening diseases provided appropriate precautions
are taken to minimise risks as outlined in the Note for Guidance on Non-Clinicd Safety Studies for
the Conduct of Human Clinica Trias for Pharmaceuticals (CPMP/ICH/286/95).

The issues surrounding the potentia reproductive toxicity of gene transfer products are very complex
and guidance in this area may be amended as further experienceis gained.

5.4.6 Genotoxicity/carcinogenicity studies

Standard battery genotoxicity and conventiond carcinogenicity studies are generdly not applicable to
gene transfer products. However, genotoxicity studies may be required to address a concern about a
specific impurity or a component of the delivery system eg. complexing materid.

An issue of greater importance for gene trandfer products is the potentid for insertiond mutagenesis
as dready discussed in Section 5.2.1. It isimportant that if the administered nucleic acid is detected
(by NAT methodology) and expressed (e.g. RT-NAT methodology) in tissues/organs other than the
desired Ste of action and such expression is persstent, that a method is used which is cgpable of
confirming whether there is integration of such nucleic acid to genomic DNA. The bags for any
integration assay used should be described and the limits of sengtivity discussed in relaion to
Spontaneous mutation rates if possble. In addition to investigating the potentia for integration of the
nucleic acid into host cel genome, information on the potentia for insartional mutageness may aso
be obtained from in vitro dudies usng a vaiety of cdl lines to invedigate changes in cdl
morphology, functions and behaviour. Cytogenetic evauation of bone marrow and / or periphera
blood cdls as pat of the toxicity / digtribution studies, may aso provide useful information if
persgent NAT/RT-NAT dgnas are found in these tissues. Since investigation of geneotoxicity is
intringcdly linked to investigation of pharmacokinetics, this section should dso be read with
reference to section 5.4.8.

The tumourigenic potential of an expressed gene product may aso need consderation eg. the very
prolonged expression of a growth factor or growth factor receptors, or immunomodulating agent.
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5.4.7 Secondary pharmacodynamics

Secondary pharmacology studies may be necessary when appropriate pharmacological endpoints
are not included in other pharmacology / toxicology studies.

5.4.8 Pharmacokinetics

The range of absorption/distribution/metabolism and excretion studies conducted with conventiond
medicind products may not be relevant for gene transfer products. More relevant endpoints that
require investigation are discussed under Section 5.2.1 above and it may be helpful to incorporate
such endpoints into the toxicity studies.

The distribution, exposure to, clearance and transcription of the administered nucleic acid should be
investigated. Biodigtribution studies should, in the first ingance, use NAT assays to investigate tissue
digtribution and pergstence of the gene transfer product. If the administered nucleic acid is detected
in unintended tissues/organs using a NAT-based assay it may be hdpful to determine mRNA for the
gene product by RT-NAT and aso the duration and level of expresson of the gene product using
RT-NAT immunological-based assays and/or assays to detect functiond protein. In addition, it may
be necessary to determine whether or not the nucleic acid is incorporated into the host cell genome.
This would be particularly important if nucleic acid were detected in the gonads. Details of assays
used should be discussed, including the negative / positive controls used and the sengitivity of the
techniques. Rather than specifying the NAT cycle limit or detection level (e.g. 1 copy per n cdls or
per ug genomic DNA), applicants should justify the assays used for biodistribution studies and limits
of sengtivity should be based on properly vdidated procedures. Developments in in situ NAT
techniques may alow locaisation of vector DNA / transgene within cells/ tissues.

The pharmacokinetic behaviour of the expressed gene product should adso be investigated with
regard to duration and Site of expression and / or release.

It may aso be gppropriate to investigate the didtribution and clearance of materia used to ddiver
nucleic acid eg. cationic lipid complexing materid.

5.4.9 Local tolerance

A locd tolerance study may be required in an gppropriate species. However, if the proposed clinica
formulation and route of adminigration have been examined in other animd sudies then separate
local tolerance studies are not necessary.

6. CLINICAL EFFICACY AND SAFETY EVALUATION
6.1 General consderations

The guidance for Good Clinicd Practice as given in ICH E6 should be followed. This section
provides specific guidance for clinical investigations with gene transfer medicinad products. Applicants
should dso refer to existing dlinical guidance notes adopted by the CPMP and ICH for conducting
clinicd trids, biogtatistical methodology in clinica trias and recommendations made with respect to

specific thergpeutic aress.

During the clinicd trid stages, the nature and extent of efficacy and safety evauation is dependent on
the characterigtics of the gene transfer product;
itsclinica use
the clinical target populationsto be treated, e.g. children, women of child-bearing potentid;

the intended route of administration; and
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the duration of treatment

It should be recognised that in most cases, there may not be a suitable anima model to guide the
darting dose. A thorough understanding of the characteristics and mechanisms of the action is
important to design a well-thought-out clinical development programme. For example, in the case of
vird vectors, the pathologica consequences of administering such vectors to their patient, on the
basis of the information available for the parenta strain, and the tissue tropism should be considered.

The planning of the clinicad trids should, as far as possble, be based on the findings obtained from
the pre-clinicd pharmacological and toxicologica studies and justified by the gpplicant concerned.
This will include the routes of adminidration, sdection of doses and schedules as well as patient
monitoring for potentia adverse events that are associated with the use of specific gene transfer
methods.

As far as dlinicd safety of the vector is concerned, condderation, however, should be given to the
pre-clinica studies, and published clinicd and pre-clinical data for Ssmilar vector carrying different
therapeutic or marker genes for smilar dose schedule and route(s) of adminigtration. Such
information may be hdpful in the planning of patient monitoring during clinical gudies. Such
evauation should aso include other components, eg. medica devices, which may play a pivota part
in the delivery of gene transfer product, including the geneticaly modified cells, as this may impact on
the find clinicd safety and efficacy assessment.

The combination product resulting from a particular gene transfer vector and the gene(s) of interest is
subject to case by case andyss.

6.2 Human pharmacology studies
The main gods of ahuman pharmacology study should be:

a.  Todefine the adequate dose and schedule to be used for efficacy studies on the basis of safety
and, where possible, surrogate clinical endpoint data. .

b.  To vaidate the gppropriateness of the chosen route of adminigtration.

c. To sudy, if possble and/or appropriate; bio-distribution of the vector carrying the desired
gene sequence for expression. Thisincludes.

()  digpogtionin target organs and/or cellsaswell asin other Sites or cdll types.
(i) tojudify theleve of containment to be gpplied in further sudies.

Whilst bio-digtribution of the vector in patients is desirable, it is recognised thet the data of
digtribution of vector in organgitissues in patients could be limited. The conduct of such studies
could be congrained by the group of patients under investigation, route of adminigtration, the
product and the indication. Therefore, the necessity and the extent of the studies should be
congdered on a product-specific basis.

d.  To confirm that vectors show ether pecific orgarvtissue tropism or sdective expresson of the
transgene a the desired Site when possible (see section 3.3).

e. To assess the leve of gene expresson resulting from the presence of the transgene and to
corrdate the level of gene expresson with appropriate functiond or pharmacodynamic
parameters in the target tissues or cel populations; to andyse the duration of observed
changes in such parameters. Such studies should be extended to non-target tissues/cells (see
safety section). For DNA vaccines, the type of immune response dicited should be
investigated as part of the efficacy data (sections. 5.2.1 and 5.2.4).
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f. To evduate short term sde-effects that may be associated with the use of the gene transfer
product (see section 5.2.1).

In generd, initid studies will involve a single adminidration of the product of interest. Thisis followed
by sudies usng multiple adminidrations, guided by gppropriate pharmacodynamic responses.
Whenever possible, initid phase of the clinical studies should be conducted in the targeted patient
populations using the intended route of adminigtration. At each dose leve, a sufficient number of
subjects should be studied.

6.3 Efficacy studies

The studies are usudly conducted once sufficient information in humans has been accrued for the
gene transfer product with regard to the following:

biodigtribution or pharmacokinetics
pharmacodynamics

The optimal doses and schedules should be defined on the basis of initid safety assessment and
evidence of presence and expression of the therapeutic gene in vivo. A quantitative potency assay
reflective of bioactivity in vivo should be devel oped.

In generd, the subjects should be randomised, where gppropriate, in the studies. Appropriately
vaidated dlinicad or surrogate or clinical end-points, if justified, should be employed in the assessment
of efficacy. The comparator used in the studies should be judtified reflecting the clinical moddities
commonly employed for the treetment of the clinica condition under investigation. However, for rare
conditions with awell defined clinica outcome, non-comparator studies may be acceptable. The use
of aplacebo in agiven dinicad sudy should be ethicadly and dinicaly judtified.

6.4 Safety

Depending on the type of gene transfer product used in the clinica trid any genera and product-
specific Sde-effects foreseegble in the light of any rdevant information obtained from the pre-clinicd
sudies or published literature, should be investigated during the clinica trid stages (see dso
Preclinical section 5). The findings obtained from pre-clinical studies may be hepful in establishing
the clinicd safety profile of the product of interest and in defining the extent and the duration of the
post adminigtration clinicd monitoring of the patients. Careful consideration should be given to both
short-term and long-term side effects that may be associated with the adminigtration of the gene
transfer product.

Whilst some effects might be easily identified when the product is first adminigtered in humans, it is
likely that the entire safety profile may not be easlly discernible and may require long term follow-up
of these subjects. In this regard, the following aspects in outline should be considered:

a)  Vird safety monitoring (see section 2.5.2 and 3.3):

Presence or appearance of replication-competent viruses, such as RCA (Replication-
Competent Adenovirus) or RCR (Replication Competent Retrovirus), when non-
replication competent or conditionally-replicating viruses are used as vectors.

Appearance of re-assortant wild-type viruses as a result of recombination in vivo, in
particular when defective viruses derived from human pathogens are used as vectors.

Release of endogenous viruses in the case of cdl based gene trandfer products (see
section 3.4.9).
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b)

d)

Vird shedding should be monitored in an adegquate number of patients and this should
form the basi's upon which the continuation of such monitoring is necessary.

Functiond cdllular changes as a result of unintended (ectopic) transfection and their patho-
physiologica consequences.

Follow-up of the clinica effect(s) as aresult of prolonged expresson of a foreign protein over
time (see section 5.4.4).

Immune system monitoring in order to identify the potentid for simulating cell-mediated or
humord immunity and minimise immunologica responses and related side-effects induced by
and directed to:

the delivery system (e.g. whole cell or other),

the vird vector itsdf,

vector expressed materid,

the protein resulting from the transgene expression,
sf (auto-immunity).

Any immunological response mounted againgt the vector or the congtruct is likely to adversely
impact on the efficacy of the gene transfer procedure and/or may lead to clinicd safety
consequences. Pre-clinica immunotoxicology conducted may help in the interpretation of
certain clinicd safety findings (section 4.4.4). In some ingtances, favouring an immune response
might, however, be beneficid for a given clinica indication; the rationae should, therefore, be
explained and unintended consequences eva uated.

Potentid for genomic integration, be it intended or not, and its clinica consegquences, such as
insertional  mutagenesis, should be fully conddered and invedtigated. It is, however,
acknowledged that this cannot be easily detected in the course of the clinicd studies. Where
judtified and in s0 far as possible, a specific long-term follow-up of the recipients should be
considered.

Congderation should be given to the protection of hedth care professonds agangt any
inadvertent exposure to the gene trandfer product, for example, during administration and
elimination of the gene transfer product from the recipient(s). Studies are needed to define the
duration and extent of monitoring as well as follow-up in the light of any recommendations
made under Containment and Deliberate Release Directives (see section 4).

6.5 Patientsmonitoring

In view of the foregoing, the following aspects should be considered:

a)  Short-term monitoring will cover human pharmacology (see section 6.2) and efficacy (see
section 6.3) sudies extengvely. Safety studies will include issues relding to early toxicity
whether generd or organ-specific, virus-safety, immunotoxicity and dimination of gene transfer
vector (see section 6.4 a, b, d and f).

b)  Long-term monitoring encompasses
()  assessng for the gene expression and stability of the gene transfer procedure; and
(i) safety with particular emphads on potentid long term clinica consegquences of gene

integration and possible non-specific transduction of other cdl types inherent in the
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vector employed, prolonged expression of a foreign protein and the use of vird vectors
(seesection 6.4 g, b, cand e).

The extent of data and the duration of monitoring should be justified by the gpplicant. The
guidance of ICH E1 might not be rdevant for this Stuation.
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7. GLOSSARY OF ABBREVIATIONS

CFTR Cydtic fibross transmembrane conductance regulator
CMV Cytomegdovirus

EPCB Extended production cell bank

GMO Geneticdly modified organiams

GMP Good Manufacturing Practice

HBV Hepatitis B Virus

HCV Hepatitis C Virus

HIV Human Immunodeficiency Virus

HLA Histocompetibility Leucocyte Antigen

MCB Master Cell Bank

NAT Nucleic acid amplification technique

PCR Polymerase Chain Reaction

RCA Replication Competent Adenovirus

RCR Replication Competent Retrovirus

RCV Replication Competent Viruses

RT-NAT Reverse transcriptase-nucleic acid amplification technique
TSE Transmissible Spongiform Encephd opathy

WCB Working Cdl Bank

8. GLOSSARY OF TERM &
Acceptance Criteria:

Numericd limits, ranges, or other suitable measures for acceptance of the results of andytica
procedures which the drug substance or drug product or materids at other stages of ther
manufacture should mest.

Bankable cells:

In the context of this note for guidance, cells after in vitro expanson are stored by mean of
cryopreservation and under such conditions, ther biologicd characterigics are not significantly
dtered. Such cdls are subject to full characterisation, qudity control testing and storage for
subsequent retrieval for manipulation, adminigtration to the patients.

Biological Activity:

The specific ability or capacity of the product to achieve a defined biologicd effect. Potency is the
quantitative measure of the biologica activity.

Contaminants:

Any adventitioudy introduced materids (e.g., chemicad, biochemica, or microbid species) not
intended to be part of the manufacturing process of the drug substance or drug product.

Degradation Products:

Variants resulting from changes in the desired product brought about over time and/or by the action
of, eg., light, temperature, pH, water, or by reaction with an excipient and/or the immediate
container/closure system. Such changes may occur as a result of manufacture and/or storage e.g.,

" ICH Topic Q 6 B dated 10 March 1999
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deamidation, oxidation, aggregation, proteolyss). Degradation products may be either product-
related substances, or product-related impurities.
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Desired Product:

The gene trandfer medicina product includes vird vector, plasmid, cdls, the expresson congtruct as
well as the encapsulating device as described in table 1.

This takes into account that any component or materid used in gene transfer is pivotd to achieving
the intended biologica function of the gene trandfer medicina product.

Expression Construct (Expression Cassette):

Expresson congtruct of the gene transfer medicina product is that part which carries the gene(s) or
nucleic acid sequences(s) meant to exert the desired clinicd effect dong with the requisite regulatory
sequences for its expression.

Impurity:
Impurities can arise either from the process or from the product.

They can be variants of the desired product (e.g. replication-competent virus, non-transduced cells)
which do not have properties comparable to those of the desired product with respect to activity,
efficacy and sdfety.

For process related impurities, they are those derived from the manufacturing process. They may be
derived from cell subgrates (e.g., host cell proteins, host cel DNA), cdl culture (e.g., inducers,
antibiotics, or media components), or downstream processing (e.g., processing reagents or column
leachables).

Plasmid:

Double-gtranded circular DNA molecules capable of replicating in pardle with the chromosomal
DNA.

Potency:

The measure of the biologicd activity usng a suitably quantitetive biologica assay (dso cdled
potency assay or bioassay), based on the attribute of the product which is linked to the rdevant
biologica properties.

Specification:

A specification is defined as a list of tests, references to analytica procedures, and appropriate
acceptance criteria which are numerica limits, ranges, or other criteria for the tests described. It
establishes the set of criteria to which a drug substance, drug product or materias a other stages of
its manufacture should conform to be considered acceptable for its intended use. “Conformance to
specification” means that the drug substance and drug product, when tested according to the listed
andytica procedures, will meet the acceptance criteria. Specifications are critical quaity standards
that are proposed and judtified by the manufacturer and gpproved by regulatory authorities as
conditions of approva.

Vector:

An agent of transmisson; for example a DNA vector is a sdf-replicating molecule of DNA that
tranamits genetic information from one cell or organism to another. Plasmids (and some viruses) are
used as "vectors' for DNA in bacterid cloning. (OECD).
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